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1.1 Document Responsibilities

Name Organization Responsibility

Jennifer Ellsworth WorldView Document Development and Review
Lyndsay Duncan WorldView Document Development and Review
Erik Ray WorldView Document Development and Review
JamieChristensen WorldView Document Review

Dan Widner VGIN Document Review

John Scrivani VGIN Document Review

Bill Keeling VDEQ Document Review

James DawiMartin VDEQ Document Review

Karl Huber VDCR Document Review

1.2 Document History

Date Version Revisions Made

7/1/2015 1.0 Technical Plan of Operatiodsliveredto VGIN DEQ

7/10/2015 |2.0 Land Classification Updated

8/5/2015 3.0 Land Classification Updated

9/17/2015 |4.0 Land Classification Updated and Technical WorkAmwendix
included

12/1/2015 |[5.0 Technical Workflow Appendix updated

1/12/2016 [6.0 Land Classification and Technical Workflow updated

5/6/2016 7.0 Tree accuracy and additional Pasture methodology updatg

1.3 Acronyms and Definitions

Acronym Definition

AgCensus |US Departmentof Agriculture¢ Census of Agriculture

ArcGIS 9aNAQa Cfl3aKALI DL{ LINRPRdzO0 & dzA

DTM Digital Terrain Model

Esri Supplier of Geographic Information System software, web GIS and ge
database management applications

EPA Environmental Protection Agency

GIS Geographic Information Systems

NAIP National Agriculture Imagery Program

NHD National Hydrography Dataset

NRCS Natural Resources Conservation Service

Land Cover GIS Data Development | TedahiPlan of Operations
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Acronym Definition

NWI National Wetlands Inventory Dataset

TPO Technical Plan of Operations

VBMP Virginia Base Mappg Program

VIMSTMI Virginia Institute of Marine SciencgeTidal Marsh Inventory

VDCR Virginia Department of Conservation and Recreation

VDEQ Virginia Department of Environmental Quality

VDMME Virginia Department of Mines, Minerals and Energy

VDOF Virginia Department of Forestry

VGIN Virginia Geographic Information Network

WorldView |[WorldViewSolutions IncLand Covedatadevelopment vendor
1.4 Purpose

This Technical Plan of Operations document provides a detailed blueprihefapproach to the
developmentof a statewide Land Cover databdeethe Virginia Geographic Information Network
and its partnersdetailing project methodology and techniques, quality assurance procedures, and
any applicable preliminary database design documentatidhs document outlines the goals of
this project and the strategy and methods to achieuecessful project completionThroughout

the project implementationthis documentwill be revised to reflect any adjustments made to the
project approachand methodolgies and changes will be traakin Sectionl.2 - Document His-

tory.

Land Cover GIS Data Development | TedahiPlan of Operations
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HOt N2 PO &4 YR aSUK2R2ft 238

WorldView Solutions project methodology focuses on capturdeyelopingthe statewideLand
Cover datasefThefollowing is a summarized understanding of the main tasks to be completed for
this project:

Compile Source Data

Develop Pilot Project

Dewlop Deliverable Areas

Prepare Imagery

Create Training Data

Set up Learning Parameters

Condut Supervised Feature Extraction

Conduct Data Cleadp

Develop Final Landcover Classifications

Conductinternal Quality Combl

Create ConsolidateHinalDatasets

Provide draft deliveries bipeliverable Area

Conduct Corrective Actions based on Qualityt@diResults

Participate in project status and deliverable review meetings

=4 =4 8 48 -8 _9_95_42_9_2°_-2._-2_-2-2._-2-

The remainder of this section describes the specific project methodolgyldView will
implement for the completion of D L pr@edt.

2.1 Land Cover Data Developmepecifications

The Land Cover database will be developed using Textron Systems Feature Analyst software, which
Ad | GKANR LI NIé SEGSyarzy (2 9aNRQa ! NODL{ &
learning approach towomated feature extraction which learns to find features like hydrology,
vegetation and other land cover features based on tsmcified examplegtraining sets).The

software will capture a consistent set of features from the latest Virginia Base Mappogram

(VBMP) aerial imagery in a vector and raster formats, for the entire Commonwealth. Existing vector
RFEGF a2dz2NOSa gAff 0SS dzaSR | a als i spefific flassificaR | G | =
tions. Thismethod will allow Imagery Analyst$o control the feature extraction process, rather

than using hardd2 RSR Of  AaAFAOF GA2Y NHzZ S& 2 NJ-daLEA yIALIMNS
proach. The result wile more accurate angrovideconsistent data developmencreatinga fully
repeatableworkflow process.

WorldView{ 2 f dziindageyy @m@alystwill delineate a wide range of land cover data types using
a combination of automated, manual, well documented and prockssen data development
techniques. Based on previoagperiencewith feature extraction projects12 final classifications
will bedeveloped for the land cover product. Additionally, there will be a subclassification attribute
that allows users to identify underlying extractions of forest, turf, and hydro where wetland fea-
tures from external datasets were introduced. The following table lkisesfinal first and second
order revised Anderson classifications as part of the project:

Land Cover GIS Data Development | TedahiPlan of Operations Page6



Resolu- | Accu-
Land Cover Minimum Mapping Unit | tion racy
Herbaceous | Turf Grass Less than Acres with land | 1 Meter | 85%
use exceptions
Impervious | ExtractedBuildings,| Match resolution 1 Meter | 95%
driveways, parking
lots, roads,etc
ExternalLocal & Road centerline depender| 1 Meter | 95%
Statewide Impervi-
ousdata
@) ) ;
o | Forest Forest 1 acre w/ min width re- 1 Meter | 95%
ﬁ strictions
§ Tree Less tharl acre 1 Meter | 85%
S Harvested/Dis- 1 acre w/ min width re- 1 Meter | 85%
g} turbed Forest strictions
& | Scrub/Shrub| Scrub/Shrub 1 acre w/ min width re- 1 Meter | 85%
%. strictions
¢ Agriculture | Copland 1 acre w/ min width re- 1 Meter | 85%
strictions
Pastureland 1 acre w/ min width re- 1 Meter | 85%
strictions
Wetlands NW!I/Other As defined by NWI and TN 1 Meter | 85%
Barren Barren Higher than the resolution| 1 Meter | 85%
Water Water Higher than theresolution | 1 Meter | 95%

Tablel: Land Cover Classifications and Project Accuracy

2.1.1Minimum Mapping Unit

As per the land classification table above, the minimum mapping units for each classification type
will depend on the sourcdata or the resolution of the source raster imagéitye minimum

mappirg unitwill be finalizedor each classificationnce source material compilation has been
completed.

2.1.2Resolution
The resolution for alileliverableswill be 1 meterfor each dhssification type.

2.1.3Accuracy
Thebaselinespatial and classification accuracy of the data deliverables will be targe&s@ator
many classification categories, a level of 95% accuracy can be achieddViewhas targeted

Land Cover GIS Data Development | TedahiPlan of Operations Page7



this higher level of ecuracy for specific classification categorlaghe classification breakdown

Tablel, the accuracy targets for each classification category, 85% or 95%, are provided. Accuracy
of the dataset will bedetermined byan indepen&nt QA/QC effort conducted by a separate ven-

dor.

2.2 Land Cover Data Developmeiitchnical Approach

An overview of thetechnicalworkflows, processesand approachfor the development of the
statewideLand Cover datasgirojectis provided below.

2.2.1Campile Source Data

Available source dataill be compiledor the project from local government, regional, state and
federal data sourcedhe following data sources are availapbeit not limited to,for the compila-
tion of Feature Analystraining datacreation, manual classification/reclassification and QA/QC

Wetlands (National Wetlands Inventory datédal Marsh Inventody

Hydrography National Hydrography DataseNHD

US Census Urban Areas (2010)

NAIP Imagery

DCR Statewide Agriculal Land Use (deloped byWorldViewin 2014)

DCR Agricultural BMP (Late2013)

Statewide Forestry Dataset (developed by the Virginia Department of Forestry in 2005)
Statewide Timber Permitting dataset (developed by Weginia Department of For-
estry)

Statewide Land WsDataset (developed by the Virginia Department of Forestry in 2005)
Statewide LIDAR Datas&tGIN 201p

VGIN VBMP Othophotography (2011/2013/2014)

VGIN Digital Terrain Model (DTM) (2011/2013)
VDMME Mining Permits Data

= =4 4 -4 8 98 -5 1

=4 =4 =4 4 -8 -

Hampton Roads Land Cover (developgdhe Hampton Roads Planning District Com-
missionin 2012)

Rivanna River Watershed Land Use / Land Cover (develop&fdigViewin 2011)
Locality Impervious Basemap Data (various local government sources)

Hanover County Land Use / Land Cover (develogafdrldView2012)

Accomack County Land Use (developed\myldViewin 2009)

FRA Virginia railroad dataset (2014)

= =4 -4 4 -4

2.2.2Pilot Project

The pilot project aresahave been established t@xtract particular classifications from particular
Hydrologic Unitsn vatiouslocalitiesacross the statePilot areas werehosen to represensome

of the major land use classificatiortdydrologic Unitsvere chosen based on their geographical
location and land use/land cover characteristics. Each prieawill have its owrnFeature Analyst
training sets created and extraction performethis pilot project approach will provide a repre-
sentative sample of the feature types expedtfor both the feature extraction and impervious

Land Cover GIS Data Development | TedahiPlan of Operations Page8



surface data development portions from differer@gions within the state. The pilot project asea
and feature extractiorare as follows:

Classification Locality Hydrologic Unit
Mudflats Accomack AO08
Barren (Beach) Accomack AOO08
TurfGrass Fairfax PL22
Forest Fairfax PL22
Tree Fairfax PL22
Barren éxtractive) Wise TPO1
Disturbed Forest Buckingham | JM52
Cropland Mecklenburg | RL11
Pasture Mecklenburg | RL11

Table2: Pilot Project Localities and Classifications

Figurel: Pilot Project Localities and/#rologic Units

WorldViewwill develop a set of vegetation and impervious surface sktsfor all pilot areas and

will review these deliveries with project partners. Once the pilot project delivery is approved by
project partnersWorldViewnQ & LINE vl Ebinmeh& with development of a Dradftlot Pro-

ject Delivery. This delivery will provide an opportunity for all of the project partners to evaluate
the execution of project products and will include drafts of all deliverables in appropriate formats,
along with accompanying documentation, and a report of any outstanding discrepancies that re-
quire action.WorldViewwill work closely with project partners to develop recommendations for
resolving discrepancies. After resolving any reported iss¥esldViev team members will review
feedback, communicate intended resolutions to additional discrepancies, and integrate the result-
ing changes.

After all discrepancies have been resolved to the satisfaction of the project pariversdView

will provide the projet partners with the FinaPilot Project Delivery. This will include all delivera-
bles created during the Pilot and Draft phases and final copies of any documentation developed
for the project.

2.2.3DevelopDeliverable Areas

As described in the next fewa®ns, for land cover feature extraction using Feature Analyst, input

bands provide spectral data, input representations provide spatial data, and learning algorithms

provide the mathematical calculations that tie it all together. The final parameterrthest be set

prior to executingany analysis is the extraction area, which is defined by the extent of a reference

layer. This will set the geographical bounds as to which imag#irpe processed for feature ex-

traction in that learning session. Due tcetlkiolume and complexity of the data that is analyzed and
Land Cover GIS Data Development | TedahiPlan of Operations Page9



returned, it is helpful to define discrete job areas from which it is possible to break analysis into
more manageable pieces, rather than run analysis on very large study areas. The output from these
areas can then be combined to encompass the full land cover classification.

2.2.3.1ExtractionRegions

Theentire statewill be dividednto subregions for classification based on a combinatiovVBMP
2013/20142015 flight data and additional spectrakxiation identified byWorldViewnQ & L Y I 3 S NE
Analyss. The following fluctuations in spectral output have assisted in defining such boundaries as
follows:
1 Year of imagey collection ranges between 2018nd 205. Spectral variatiocreates
the necessity to lrak these two areas apart. Separate training sampisieed to be
devebped for each of these regions
0 2014areas represent a small portion of three counties within the tiled imagery
that was missed in the 2013 flight
0 Areain purple is 2013, thi wegern areas flown in 2015

Figure2: VBMP 2011 and 2013 Imagery Collection Areas

o The fly zones that were broken apart by year loosely follow Virginia's main phys-
ical regions as depicted below:

Mountain Piedmont Coastal Plain
Figure: VIdA YAl Q&4 t KedaAaolf wS3aIArzya
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1 Northern versus southern regional hue variationThe tiles produced in the
20132014/2015VBMP Imagerfiave beendbeled as either North or Soutboordinat-
ingwith the NAD 198%¥ irginiaState PaneNorth FIPS 4501 (US Feet) anel RhAD 1983
Virginia State Plane South FIPS 4501 (US €mmtllinate systemsrespectivelySpec-
tral variationcreatesthe necessity to break these two areas apart. Separate training
sampleswill need to be developed for each of these regions.

o The area lghlighted below represents the Northern tiles that will need to be
subdivided from the first distinction between year:

Figure4: NAD 1983 Virginia State Plane North FIPS 4501 (US Feet) Area

1 Differing resolution (Xfoot, 6-inch, and 3inch tiles). There are scattered areas
throughout the state that haveapturedhigher resolution images than the typical 1
foot pixel tiles. These areas have distinctly varied hues from the surrounding tiles, and
will need to have their own trainingamples and learning extractions ran.
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Figure5: Grid example of differing VBMP Tile pixel resolution

9 Additional spectral variation(hue and saturation) Additional spectral variatioaxists
between areas that were not initiglidentified. These areas are usually very flat bound-
aries across the state that can easily be distinguishdditional boundarieswill be

created between remaining areas of varying hues and saturation, further subdividing
the previous regions.

Land Cover GIS Data Development | TedahiPlan of Operations Pagell



Figure6: Example of additional spectral variation (hue and saturation)

1 Geographideature variation. It s necessary to additionally divide regions with distinct
geographical characteristics. As training satsdeveloped within a reign to extract
features, such features and band compositions may exist in one geographical region
that are not present in another.

o For example, in a mountainous region, forested training samples will have
darker shadowed areas where elevation change agcas well as distinctive
patterns in response to weather conditions as pressure change occurs in these
areas. To avoid misclassification in the land beyond such features, many more
training setsare neededo cover the additional forest composition, butowld
not want to include any of the previous training sets that would lIn@foundin
this area Forregions that appear to have distinct elements, such as high moun-
tainous features, vast pastureland, wet versus dry agricultural areas,esich
would neal to haveindividual setof extraction training samples.

o In the depiction below, this region was further subdivided into 3 zones, where
changes in elevation, land use, and forest types occur:

Land Cover GIS Data Development | TedahiPlan of Operations Pagel2



Figure7: Example of Geographic ¢ien variation

2.2.3.2Deliverable Areas

SixDeliverable Areas were developed for this project, based on the previously divided regions
(classification areasjhe established pilot areas, and the requéstdevelopthe Chesapeake Bay
watershedcountiesbefore the remainder of the statelhe regional extraction boundaries devel-
oped in the previous sectionere further adjusted todividethe counties intersecting the
Chesapeake Bay watershed afeom the remaining watershed areas of the state.

Once the feture analyst extraction boundaries were finalized based on deliverable areas, both the
Chesapeake Bay watershed and the remainder of the state brokeninto three deliverable sets.

By partitioning the regions inta total of six deliverable areaqrogress tracking and extraction
tasks will be managed more efficientlihe final deliverable areagsere designed to encompass
relatively even coverage, while following the developed feature analyst extraction regio@six
deliveryareas areas follows

Figure8: Project Delivery Areas

The calculated size of eadeliverablearea is as follows

Land Cover GIS Data Development | TeatahiPlan of Operations Pagel3



Delivery Area Square Miles

Bay Area 1 9,633
Bay Area 2 9,757
Bay Area 3 9,775
Remainder Area 1 3,399
Remainder Area 2 4,570
Remainer Area 3 5,125

Table3: Project Delivery Size in Square Miles

2.2.4Prepare Imagery

The first step in organizing the imagery into the developed regions is to add tiles within a region to
a mosaic datasef) series of file geodataaseswill be developed organized according to their col-
lection date and geographic regiam, house these mosaic datasetsacHile geodatabasevill be
named based owrollection dategeographic regiomnd their color differentiation. Furthermore,
there area number of regions within the same year, geographic region, and color patterwithat
receivean underscore and number based on the order they would be processed for land use clas-
sification.

= [£5 Imagery
= B 2011
= £3 Morth
= L3 Mosaics_North_2011.gdb
5 North 1
T North_2
T North_3
By MNorth_Beige
% North_Ridge
By Morth_Ridge_Brown
% Morth_Valley
By Morth_Valley_Brown_1
iy Morth_Valley_Brown_2
By Morth_Valley_Green
# £ South
= B 2013
# ] Morth
# 5 South

Figure9: Imagery mosaic daset organizational file structure
(Originally 2011 data was compiled for the western portion of the state, until 2015 became available)

Before extraction can begin on the raster imagery data, all tiles must have a consistent resolution
across the sti. The raw datavariesbetween 1 foot, 6 inch, and 3 inch resolutions, which at such

a high precision would involve extremely lengthy processing winen extracting land use classi-
fications Due to the land cover classes having a desired 1 meter resolth®ecision was made

to resample all imagery to 1 meter, reducing processing time and maintaining the output resolu-
tion. The resampling geoprocessing tool will be executed within the mosaic dataset, causing the
new TIFF images to reflect tiearrent projection. Bilinear Interpolation resampling technique will

be selected to create a new continuous image dataset.

Land Cover GIS Data Development | TedahiPlan of Operations Pagel4



SN | Muosaics_South.gdb

& South 1

= South_1_Resample
%y South_3

= South_3_Resample
- South_Beige 1

= South_Beige_1_Resample
Y South_Beige_2

= South_Beige 2 _Resample
By Scuth_Brown_1

+ [ South_Brown_1_Resample

FigurelO: Imagery mosaic dataset resample file structure

2.2.5Feature Analys& FinalCleanupWorkflow

InitialexNI QG A2y gAft 6S O2yRdzZOGSR GKNRdzZAK CSI (dz2NB
The tools within Feature Analyst streamline the geoprocessing tasks related to extracting land

cover features from higiesolution aerial imagery. Thabjectoriented software utilizes the spa-

tial context, as well as spectral and pattern ddataough the creation of digitized training

datasets and usedefined learning parameters. Upon initial extraction, a number of baitbols

are available fofurther data cleamp. In preparation for the delivery of statewide land cover;

age extractiorwill be carried out prior to the use of external data sources, ¢t subjected to

a series of automated cleanup scripts and manual editing. These atepietailed in the fdbw-

ing sections.
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2.2.5.1Create Training Data

A series of training data setsill be created dzaAy 3 FASER FyR 4¢aONBSy¢é
each of the land cover classification schemeNd Ay Ay 3 RI Gl Aa dzaSR o0& C
the bard composition associated wittach classificatioand apply that knowledge to extract full
coverage vector features over a defined raster imagainingdataare created as polygoshape-

files, andwill be represented as a compilation of vecfeaturesfor each land cover type; most

will be headsup digitized bylmagery Analystssupplemented by external features from existing
f20FtA0ASaQ RIGlIaSiad ¢KS ydzvoSNI 2F al YLX Sa 4
cover extraction will dependn the availability of existing data, and knowledge of the project area.
Separate training data layers will be creafed eachindividual mosaiclataset

Figurell: Example of headp digitized training dataset polygons

Typicdly, training sets work best with a discrete number of features that are representative of the
overall frequency and size of features. Training sets will be refined and revised on an as needed
basis in response to the accuracy of results emerging fromidtggpretation tests of the evolving
feature extraction learning parameterslowever, a minimum of 20 samples will be collected per
class within each tiled boundary, with additional samples depending on the frequency of that par-
ticular class.

Avariety d factorswill be employedwhen generatng training samples for feature extraction. In
order to increase accuracy of initial land cover vector output, the following faetoydoyedwill
include but are not limited to

1 Full spectral variety included in safe features
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Figurel2: Example of spectral variety in turf features

9 \Varied orientation of polygon features representative of ground coverage

Figurel3: Example of varied orientation of impervious fgais

1 Samples digitized to encompass entire feature and distinguish edge of classification
change

Figurel4: Example of distinguished edge of classification change included in training datasets

Theindividual land cover layessill then be represented in a muktlassnput layer that combines
the training sets into a single feature clagdtribution will delineatesubtypesand symbologyor
each of the desired land cover classé&hisfinal multi-classinput layer will be the iput to the
Supervised Learning feature extraction.

2.2.5.2Setup Learning Parameters
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The initial vector output from the Supervised Learning method will be dependent on the Input
Representation parameters set up for extraction. Changes to the pattatmaith of raster image

%

OSffa GKFdG CSFddzNB !'ylrfead oAttt Fylrtel S F2N S
Thevarious outputswill be evaluatedo identify the ideal classification pattern in each working

area.

4 bands

Pattem Width

X 5 cells” | Use the right mouse button to adjust the image |
Zoom )
20 totml ‘

225 max. < | Shape 1] of3ss0 ; =

Figurel5: Example of Input Representation parameters for feature extraction

Other parameters thawill modify results include applying a histogram stretch to the input bands
and adjusting band typeAdditional options can be applied to the @metto aggregate small re-

gions remove large regions, and smooth features, based on user itgpaize and conversion
factor. Resultswill be optimized on a per region basis, while taking advantage of some of the func-
tions in theConduct Supervised Feature Extion step below on a per classification basishe

best results were collected using the Bulls Eye 2 Input Representation with a Pattern Width of 15.
Aggregation was applied to certain features, such as Ag fields having a minimum pixel size of 4047
squae meters, and masking the locality impervious datasets.

2.2.5.3Conduct Supervised Feature Extraction

Once training data is developed, learning parameters set, and extraction area defined, supervised
feature extraction analysis is kickedf, and theFeaure Analystsoftware runs independently to
analyze and extract features from the base imagery, based on the detailed training datasets. Once
extraction is completed, Imagery Analysts will review individual outputs to assess the overall qual-
ity of the landcover extraction.Due to thesize limitations of larger features, the muitiput
extractions were developed as raster output, while the individual classes were extracted as.vector.

Complementing the output from the originakining datasets new learning parameterswill sub-
sequentlybe desigred and configured from discrepancies found in the first output datas&he
derived multiclass input layewill be brokeninto individual land cover classésr further pro-
cessing to each feature layer as necegsahis process will be refinddy Imagery Analystand
project stakeholders, through applicatione¢ature Analyst post processing and hierarchical learn-
ing functions The Feature Analyst Learnevill rely on a serieof learning passes feature
extractions)to determine whether or not image pixels represent the target feastlidentified in
each training seti-eature Analyst functions to be utilized will include:
91 Clutter RRmoval - Remove extraneous features from the feature extraction output,
within the minimum mapping unit parameters.
0 Headsup dgitizing/selecting correct features
0 Headsup digitizing/selecting incorrect features
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Figurel6: Image depicting Feature Analyst Clutter Removal function

1 AddingMissed features¢ Refne results that have already had majority of clutter re-
moved to further improve learning

o Digitizing new training samples to include in dataset

Figurel?: Image depicting Add Missed Features function

After each function is aapleted, afinal supervised learning pagteature extraction)will be exe-
cuted. Acombined Input layer from the most accurate of each class extraetithtve createdand

Imagery Analystwiill evaluatethe accuracy within each layer to create iefarchial structure to
resolveoverlapping regions.
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Figurel8: Feature Analyst Combine Features tool with hierarchical structure for overlapping regions

The learning parametatefinition and refinement processs iterative ands typcallyrepeatednu-
meroustimes during the projectifecycle Once the Analyst is sufficiently satisfied with feature
extraction results, the dataset will be passed to the data clearstage.

2.2.5.4Conduct Data Cleaklp

After feature extraction using Faae Analyst, a variety of techniques and geoprocessing functions
will be configured and automated to clean up artifacts and errors known to be made in the initial
learning output by Feature Analyst. Initially, a series of tools witideeutedagainst tle output to
improve the dataset and classification#n some cases this will involve splitting the muléss
polygon layer into separater distinct subsets of classification upon which to perform clapn
activities.

The Feature Analysgeoprocessingools that will be used to automate the cleap of the full
output dataset include, but are not limited to:
1 Aggregate features; Aggregation of features that meet the same criteria but are im-
properly segmented by other features or classification types.
1 Smooth features¢ Within the resolution and minimum mapping units, smooth features
to product better contrast between feature classifications.
1 Feature reclassificatioq Where applicable, reclassify features to meet refined feature
classification types.
TheFeature Analysgeoprocessingpols that may be performed on a per class basis include:
1 Reshape featureg Fill holes/gaps in features, merge features with a newly digitized
connection
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